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Abstract. Results from QCD studies at the Tevatron from new Run 2 data are presented. The
inclusive jet cross section and dijet mass spectrum are measured at

p
s= 1960 GeV by the CDF and

DO= collaborations. CDF also reports results of searches for new particles decaying into dijets, and
a study of jet shapes.

INTRODUCTION

The measurement of the inclusive jet cross section represents one of the basic tests of
QCD at hadron-hadron colliders. The Tevatron Run I results, in particular the discrep-
ancy between the CDF inclusive jet cross section and NLO QCD calculations, generated
substantial interest in the particle physics community and resulted in the revision of ex-
isting parton distribution functions (PDFs) [1]. New PDF sets now exploit the flexibility
of gluon distributions at highx values, which could account for the excess observed in
the data at highET . Other important outcomes of jet measurements at the Tevatron, were
the measurement of the strong coupling constant from the inclusive jet cross section [2]
and inclusion of both CDF and DO= jet results in the global fit by PDF collaborations [3].

The increase in center-of-mass energy and increased luminosity in Run 2 resulted in
a dramatically larger kinematic range for measuring jet production. With a data sample
similar to that obtained in Run I, both CDF and DO= collaborations are able to measure
jet production at much higherET than those possible in the previous run. All preliminary
results from CDF and DO= are based on data samples collected during the limited time
period from February 2002 to January 2003 at Fermilab Tevatron Collider at

p
s= 1:96

TeV.

INCLUSIVE JET CROSS SECTION

The inclusive jet cross section measurement from CDF is based on a data sample
of integrated luminosity 85 pb�1. To obtain results in a prompt fashion, the CDF
collaboration utilized the same techniques as in Run I inclusive jet analyses [4], when
possible. Briefly, jets are reconstructed using the iterative fixed cone algorithm with
cone radiusR=0.7. The inclusive jet cross section includes all jets in an event in the
pseudorapidity range 0:1 < jηj < 0:7. The following data quality cuts are used: events
with large missingET are excluded to avoid background from cosmic rays, and the
event vertex is required to be within 60 cm of the center of the detector, to ensure a good
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FIGURE 1. (left) The measured inclusive jetET distribution for the Run I and Run 2 data sets; (right)
the ratio of the measured inclusive jet cross section from Run 2 data to the NLO QCD calculation with
CTEQ6.1 PDF.

jet energy measurement. The measured spectrum is corrected for calorimeter response,
resolution and underlying event energy using an iterative unsmearing procedure. The
absolute energy scale of jets in the central region is calibrated to the known energy of jets
in Run I by requiring thepT balance of central photons to central jets to be the same in
Run 2 and Run I. Fig. 1(left) shows CDF Run 2 and Run I jet spectra. The new results are
in good agreement with the previous measurement. As one can see, theET reach due to
the increased

p
s is rather dramatic, spanning from 40 to 568 GeV. Fig. 1(right) shows the

corrected Run 2 cross section compared to a QCD prediction with CTEQ6.1 PDF as an
input to the calculations. The shaded area represents 5% energy scale uncertainty, which

Jet Transverse Momentum [GeV / c]
100 150 200 250 300 350 400 450 500 550

 [p
b 

/ (
G

eV
/c

)]
〉 

T
 / 

d 
p

σ
 d

 
〈

10
-3

10
-2

10
-1

1

10

10
2

10
3

10
4

-1 = 34 pbIntDØ RunII Data, L

2

max
TE

 = Fµ = Rµ = 1.3,  sepNLO CTEQ6M,  R

DØ Run II preliminary

Cone Algorithm
 = 0.7coneR

 | < 0.5η| 

Inclusive Jet Cross Section

Jet Transverse Momentum [GeV / c]
100 150 200 250 300 350 400 450 500 550

D
at

a 
/ T

he
or

y

0

0.5

1

1.5

2

2.5
DØ Run II preliminary

NLO QCD

(JETRAD)

2

max
TE

 = Fµ = Rµ = 1.3,   sepR

CTEQ6M

Inclusive Jet Cross Section

FIGURE 2. (left) DO= inclusive jet cross section as a function ofpT ; (right) the inclusive jet cross section
shown as data/theory as a function ofpT for CTEQ6M PDF.

is the dominant source of experimental systematic error. The data are in good agreement



with the NLO QCD predictions, within the theoretical and experimental uncertainties.
The DO= collaboration measured the inclusive jet cross section with 34 pb�1 of data

collected during Run 2. Jets are reconstructed with the Run 2 iterative cone algorithm [5]
with a cone radiusR=0.7. The analysis is restricted to the central pseudorapidity region
of j η j<0.5. The data quality cuts for jet events are similar to those of CDF. The
calorimeter energy is corrected to particle level using information fromγ+jet events,
low bias triggers and Monte Carlo simulations. Figure 2(left) shows the jet spectrum
falling almost by seven orders of magnitude and covering theET range from 60 to 560
GeV. In order to see the level of agreement with the theoretical calculations, Fig. 2(right)
presents the data to theory ratio. There is agreement within rather large uncertainties.
The overall uncertainty is dominated by the jet energy scale.

DIJET MASS CROSS SECTION

Another important probe of QCD is the measurement of the dijet cross section. It
provides a handle on parton structure functions at large values ofx and also can be
used for searches by identifying resonances at high mass.
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FIGURE 3. DO= dijet cross section as a function of dijet mass. Overlayed on the data are the predictions
of a NLO pQCD calculation.

The DO= collaboration measured the dijet mass cross section as a function of the
dijet invariant mass. The size of the data sample, requirements for the events and the
algorithm used for jet reconstruction are the same as for the inclusive jet cross section
measurement. The measured cross section is presented in Fig. 3. The inner bars represent
experimental statistical errors and the outer bars are systematic uncertainties; the 10%
luminosity uncertainty is not shown. There is an agreement within the errors with the
theoretical predictions using CTEQ6M PDF.

The CDF collaboration used 75 pb�1 of jet data to search for new particles de-
caying to dijets by using a general search for narrow resonances and a direct search
for several kinds of new particles: axigluons (A ! qq̄), excited states of composite



quarks(q�! qg), andE6 diquarks (D(Dc)! q̄q̄(qq)). Fitting the mass spectrum with
a simple background parametrized function and a mass resonance allows to obtain a
95% confidence level upper limit on the cross section for new particles as a function
of mass. A dijet event is defined as an event with the two largestET jets, restricted to
the pseudorapidity region ofj η j<2.0. In addition, dijets are required to satisfy the
conditionj cosθ � j<2/31 to supress QCD background. Figures 4(top and bottom) show
Run 2 dijet mass spectra compared to Run I data and the ratio of both CDF results
compared with lowest order parton level calculations, respectably. CDF excludes at 95%
confidence limit axigluons for 200<MA<1130 GeV/c2, excited quarks for 200<M�<760
GeV/c2, andE6 diquarks for 280<ME6<420 GeV/c2.
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FIGURE 4. (top) CDF dijet mass distribution in Run 2 and Run I presented as a differential cross
section in the same mass bins; (bottom) the dijet mass distribution in Run 2 divided by that in Run I is
compared to a lowest order parton level calculation(curve); (right) the 95% confodence level upeer linit
on the cross section times branching ratio for new particles decaying to dijets.

JET SHAPE STUDIES

The CDF collaboration reports an analysis of jet shapes in inclusive dijet events mea-
sured using calorimeter towers. To study the internal structure of jets,integrated jet
shape,Ψ(r;R), is defined as the average fraction of jetET that lies inside a subcone

1 cosθ � = tanh(η�) = tanh((η1�η2)=2).



with radiusr < R. In Fig. 5(left), the jet shapeΨ is shown and compared with the results
of a PYTHIA Monte Carlo simulation. The error bars represent the statistical and exper-
imental systematic uncertainties added in quadrature. The MC simulation provides good
description of measured jet shapes, but produces jets slightly narrower than the data for
low ET and forwardη regions. The lowET discrepancy can be partially attributed to
the fact that the MC simulation underestimates the underlying event component. The
measured data distributions also show that jets become narrower as theET of the jet
increases. This can be observed in Fig. 5(right), whereΨ is shown for fixedr = 0:4 in
different regions ofE jet

T
andη jet.

FIGURE 5. (left) CDF measurement of the integrated jet shape in different regions ofE jet
T

andη jet;
(right) measured uncorrected integrated jet shapes,Ψ(r = 0:4). The outer error bars indicate statistical
and systematic uncertainties added in quadratures.
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